Background: Goodpasture's syndrome is a rare, life-threatening, small vessel vasculitis. Given its rarity, data on its inpatient burden and resource utilization are lacking. We conducted this study aiming to assess inpatient prevalence, mortality, and resource utilization of Goodpasture's syndrome in the United States. Methods: The 2003-2014 National Inpatient Sample was used to identify patients with a principal diagnosis of Goodpasture's syndrome. The inpatient prevalence, clinical characteristics, in-hospital treatment, end-organ failure, mortality, length of hospital stay, and hospitalization cost were studied. Multivariable logistic regression was performed to identify independent factors associated with in-hospital mortality. Results: A total of 964 patients were admitted in hospital with Goodpasture's syndrome as the principal diagnosis, accounting for an overall inpatient prevalence of Goodpasture's syndrome among hospitalized patients in the United States of 10.3 cases per 1,000,000 admissions. The mean age of patients was 54 ± 21 years, and 47% were female; 52% required renal replacement therapy, whereas 39% received plasmapheresis during hospitalization. Furthermore, 78% had end-organ failure, with renal failure and respiratory failure being the two most common end-organ failures. The in-hospital mortality rate was 7.7 per 100 admissions. The factors associated with increased in-hospital mortality were age older than 70 years, sepsis, the development of respiratory failure, circulatory failure, renal failure, and liver failure, whereas the factors associated with decreased in-hospital mortality were more recent year of hospitalization and the use of therapeutic plasmapheresis. The median length of hospital stay was 10 days. The median hospitalization cost was $75,831. Conclusion: The inpatient prevalence of Goodpasture's syndrome in the United States is 10.3 cases per 1,000,000 admissions. Hospitalization of patients with Goodpasture's syndrome was associated with high hospital inpatient utilization and costs.
Introduction
Goodpastureʹs syndrome (GS) is a rare, life-threatening, small vessel vasculitis that is mediated by circulating anti-glomerular basement membrane (anti-GBM) autoantibodies against the NC1 domain of the alpha 3 chain of type IV collagen, targeting capillaries of the kidneys and lungs [1] [2] [3] [4] . It is considered as one of the organ-specific autoimmune diseases that typically presents as a rapidly progressive glomerulonephritis (RPGN), accompanied by alveolar hemorrhage with pathology characterized by crescentic glomerulonephritis with classic linear polyclonal immunoglobulin (Ig) G deposits on immunofluorescence staining of the GBM on analysis of kidney biopsy samples [1, 2, [5] [6] [7] . Without prompt diagnosis and treatment, patients with GS can develop organ failure, resulting in significant morbidities and mortality [1] [2] [3] .
Among European and Asian populations, the incidence of GS is estimated to have a frequency of 0.5 to 1.8 cases per million population per year [1] [2] [3] 8, 9] . A recent study from Ireland reported a nationwide disease incidence of GS of 1.64 per million population per year [10] . While it is well known that patients with GS can have both pulmonary and renal involvement requiring a mechanical ventilator and renal replacement therapy [3, 4] , data on its inpatient burden and resource utilization are lacking.
Thus, we conducted this study using the 2003-2014 National Inpatient Sample (NIS) database to assess inpatient prevalence, mortality, and resource utilization of GS in the United States.
Materials and Methods

Data Source
The 2003-2014 NIS database was used to conduct this cohort study. The NIS is the publicly available, inpatient, all-payer database in the United States. This database was developed and maintained by the Healthcare Cost and Utilization Project (HCUP) under the sponsorship of the Agency for Healthcare Research and Quality (AHRQ). The dataset contains more than 7 million hospitalizations annually, which were obtained from a 20% stratified sample of over 4000 non-federal acute care hospitals in more than 40 states of the United States. A survey procedure using discharge weights provided by the HCUP-NIS database was used to generate national estimates for 95% of hospitalizations nationwide [11] . This dataset includes codes for principal and secondary diagnosis as well as codes for procedures performed during the hospitalization.
Study Population
All patients with a principal diagnosis of GS, based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9 CM) diagnosis code of 446.21 for the hospitalization were included.
Variables and Outcome of Interest
Patient characteristics included age, sex, race, year of hospitalization, smoking, hemoptysis, and the presence of anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis, which consisted of granulomatosis polyangiitis, microscopic polyangiitis, and sepsis. Treatments included respiratory support consisting of invasive mechanical ventilation and non-invasive ventilation, renal replacement therapy, therapeutic plasmapheresis, and blood transfusion. Patient outcomes included organ failure or dysfunction, which consisted of respiratory failure, circulatory failure, renal failure, liver failure, hematologic failure, metabolic failure, and neurologic failure, as well as in-hospital mortality. Resource utilization included length of hospital stay and hospitalization cost.
Statistical Analysis
Discharge-level weights published by the HCUP were used to estimate the total number of GS patients. Continuous variables were summarized as mean ± standard deviation for normally-distributed data, and median with interquartile range for skewed data. Categorical variables were summarized as count with percentage. The annual inpatient prevalence of GS in hospitalized patients in the United States from 2003 to 2014 was calculated. Independent factors associated with in-hospital mortality were identified using multivariable logistic regression with the forward stepwise selection method. A two-tailed p-value of less than 0.05 was considered statistically significant. All analyses were performed using JMP statistical software (version 10, SAS Institute, Cary, NC).
Results
Patient Characteristics and In-Hospital Treatment
Of 93,377,054 hospital admissions during the study period, 964 patients were admitted to hospital with GS as the principal diagnosis. The mean age of patients was 54 ± 21 years; 47% were female, 65% were Caucasian, and 9% had a co-diagnosis of ANCA-associated vasculitis. Of patients with GS, 19% needed invasive mechanical ventilation, 5% needed non-invasive ventilation support, and 52% required renal replacement therapy. Plasmapheresis was performed in 39% of patients. Table 1 shows clinical characteristics and in-hospital treatment of GS patients in this cohort. Table 2 shows the annual distribution and inpatient prevalence of GS in hospitalized patients. The inpatient prevalence of GS ranged from 6.7 to 12.1 per 1,000,000 admissions between the years 2003 and 2014 in the United States with an overall inpatient prevalence of GS over 12 years of 10.3 cases per 1,000,000 admissions ( Figure 1 ). 
Inpatient Prevalence of GS
Organ Failure and In-Hospital Mortality
Seventy-six percent of patients had at least one end-organ failure. Renal failure was the most common end-organ failure (62%), followed by respiratory failure (29%), metabolic failure (17%), hematologic failure (13%), circulatory failure (6%), neurological failure (5%), and liver failure (1%) ( Table 1 ). The number of end-organ failures was significantly associated with increased in-hospital mortality with an adjusted OR of 2.19 (95% CI 0.45-10.58) for one end-organ failure, 7.60 (95% CI 1.67-34.56) for two end-organ failures, and 19.86 (95% CI 4.10-96. 19 ) for ≥3 end-organ failures.
Of 964 patients with GS, 74 (8%) died in the hospital. In the multivariable logistic regression, age older than 70 years (OR 3.62; 95% CI 1.52-8.61 compared to age ≤ 39 years), sepsis (OR 5.38; 95% CI 2.53-11.45), respiratory failure (OR 7.41; 95% CI 3.85-14.26), circulatory failure (OR 7.85; 95% CI 3.37-18.26), renal failure (OR 2.55; 95% CI 1.21-5.37), and liver failure (OR 32.32; 95% CI 3.51-297. 19) were associated with increased in-hospital mortality. In contrast, more recent year of hospitalization (OR 0.23; 95% CI 0.10-0.55 for year 2011-2014 compared to year 2003-2006) and the use of therapeutic plasmapheresis (OR 0.43; 95% CI 0.22-0.84) were associated with decreased in-hospital mortality ( Table 3) . Table 3 . Univariable and multivariable analysis assessing factors associated with in-hospital mortality in Goodpasture's syndrome patients. 
Characteristics
Univariable analysis Multivariable analysis Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value
Length of Hospital Stay and Hospitalization cost
The median length of hospital stay was 10 (IQR 5-18) days. The median hospitalization cost was $75,831 (IQR 31,687-163,201) ( Table 1) .
Discussion
To the best of our knowledge, our study is the first to evaluate inpatient prevalence, mortality, and resource utilization of GS in the United States. We demonstrated overall inpatient prevalence of GS among hospitalized patients in the United States of 10.3 cases per 1,000,000 admissions. The in-hospital mortality rate was 8%. The factors associated with increased in-hospital mortality were age older than 70 years, sepsis, the development of respiratory failure, circulatory failure, renal failure, and liver failure, whereas the factors associated with decreased in-hospital mortality were more recent year of hospitalization and the use of therapeutic plasmapheresis.
GS is often described to have an incidence of GS of 0.5 to 1.8 cases per million population per year in European and Asian populations, primarily based on single-center biopsy or serology-based series [1] [2] [3] 8, 9, 12] . A recent nationwide study from Ireland identified all GS cases over a decade via reference immunology laboratories and a nationwide pathology database over an 11-year period, which reported a disease rate of 1.64 per million population per year [10] . In this study, we utilized the United States inpatient hospitalization data from the NIS database and demonstrated inpatient prevalence of GS among hospitalized patients in the United States of 10.3 cases per 1,000,000 admissions. Although hospitalization for GS is infrequent, we found that hospitalized patients with GS commonly had high rates of end-organ failure, including renal failure (62%) and respiratory failure (29%). While 19% of hospitalization for GS required invasive mechanical ventilation, 52% required renal replacement therapy. The median hospitalization cost for GS was as high as $75,831.
Our findings confirmed a bimodal age distribution of GS, with younger patients <39 years having a male predominance, whereas older patients >60 years old were more frequently female [2, 12] . We also observed an increase in the inpatient prevalence of GS from 2004 to 2007, which subsequently stabilized (Figure 1 ). Although the reason remains unclear, we speculated that this is because of the increasing awareness and widespread availability of diagnostic tests around that time [4, 13] . Previous studies have suggested that, in addition to genetic factors, environmental factors can also trigger the development of GS, such as cigarette smoking, inhaled hydrocarbons, or potential infectious triggers damaging the alveolar basement membrane and exposing type IV collagen epitopes [3, 4, 6, [14] [15] [16] [17] [18] . Future studies are needed to assess if these factors play an important role in the trends of inpatient prevalence of GS in the United States.
Our study demonstrated that 52% of hospitalization for GS required dialysis, which was consistent with previous literature indicating that approximately half of patients with GS require hemodialysis [19] . There are limited data on how frequently artificial ventilation is required. Small series estimated that this occurred in 11% of patients with GS [20] [21] [22] [23] . Our study demonstrated that 19% of hospitalizations for GS needed invasive mechanical ventilation, and 5% needed non-invasive ventilation support. GS is life-threatening, with irreversible kidney damage and respiratory failure. Aggressive therapy with modern treatment protocols with antibody removal by plasmapheresis, use of corticosteroids, and immunosuppressive agents, particularly cyclophosphamide, has dramatically improved patient outcomes compared to the past [4, 18, [24] [25] [26] . The 5-year survival rate exceeds 80% and fewer than 30% of patients require long-term dialysis [2] . In our study, we demonstrated that in-hospital mortality rate of GS in the United States between the years 2003 and 2014 was 8%. Although the data on medication were limited in the database, we found that recent year of hospitalization and the use of therapeutic plasmapheresis were associated with decreased in-hospital mortality among patients with GS. While the underlying explanations of decreased in-hospital mortality among patients with GS in the recent years of hospitalization remain unclear and require further investigations, this finding may potentially represent an improvement in patient care of GS in recent years of hospitalization.
There are several limitations of this study. Firstly, although the utilization of the NIS database allowed us to evaluate U.S. inpatient prevalence and burden of patients with GS, possible inaccuracies in ICD-9 CM coding may have confounded the results. Secondly, given the administrative nature of the dataset, the data on medication such as immunosuppression were limited in this study. Consequently, we could not assess the potential effects of immunosuppression, such as cyclophosphamide treatment on hospital outcomes of patients with GS. Thirdly, this was an analysis of an inpatient database in the United States. Sixty-five percent of patient populations with GS in NIS database were Caucasian, and this limits generalizability to the patient population in other countries. Fourthly, kidney biopsy, and laboratory data were lacking in the database. Previous studies have suggested that no patient with 100% glomerular crescents and dialysis dependence at presentation recovered kidney function, and so current guidelines do not recommend treatment in these cases [27, 28] . Furthermore, studies have also demonstrated that those patients with higher serum creatinine (5.7 mg/dL or higher) and reduced proportion of normal glomeruli on kidney biopsy have poor renal outcomes [2, 13] . Therefore, future studies are needed to assess the impacts of kidney biopsy findings on the treatment and outcomes during hospitalizations for GS.
Conclusions
In summary, we demonstrate overall inpatient prevalence among patients with GS between the years 2003 and 2014 in the United States, with 10.3 cases per 1,000,000 admissions. Although the in-hospital mortality rate was only 8%, hospitalization of patients with GS was associated with high hospital inpatient utilization and costs.
